CONCISE REVIEW FOR CLINICIANS

Subclinical Hypothyroidism: An Update for Primary Care Physicians
V aHAB FAaTOURECH, MD

On completion of this article you should be able to: (1) diagnose and interpret the meaning and clinical importance of
subclinical hypothyroidism, (2) assess possible adverse effects of mild thyroid failure and describe the current knowledge
about the effect of levothyroxine therapy in mild thyroid failure, and (3) select patients with subclinical hypothyroidism who

are more likely to benefit from therapy.

Subclinical hypothyroidism (SCH), also called mild thyroid failure,
is diagnosed when peripheral thyroid hormone levels are within
normal reference laboratory range but serum thyroid-stimulating
hormone (TSH) levels are mildly elevated. This condition occurs in
3% to 8% of the general population. It is more common in women
than men, and its prevalence increases with age. Of patients with
SCH, 80% have a serum TSH of less than 10 miU/L. The most
important implication of SCH is high likelihood of progression to
clinical hypothyroidism. The possibility that it is a cardiovascular
risk factor has been a subject of debate. Large-scale randomized
studies are needed for evidence-based recommendations regard-
ing screening for mild thyroid failure and levothyroxine therapy for
this condition. Currently, the practical approach is routine
levothyroxine therapy for persons with a persistent serum TSH of
more than 10.0 mlU/L and individualized therapy for those with a
TSH of less than 10.0 mIU/L.
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SCH = subclinical hypothyroidism; TPO = thyroperoxidase; TSH = thy-
roid-stimulating hormone

ubclinical hypothyroidism (SCH) is defined as a seru
hyroid-stimulating hormone (TSH) level above th
upper limit of normal despite normal levels of serum fr¢
thyroxine! Serum TSH has a log-linear relationship wit
circulating thyroid hormone levels (a 2-fold change in fre
thyroxine will produce a 100-fold change in TSH). Thu
serum TSH measurement is the necessary test for diagn
of mild thyroid failure when the peripheral thyroid hor
mone levels are within normal laboratory rahdée indi-
vidual range for peripheral thyroid hormones is narrow|
than the population reference laboratory range; thereforg
slight reduction within the normal range will result in ele
vation of serum TSH above the normal range.
Subclinical hypothyroidism or mild thyroid failure is g

common problem, with a prevalence of 3% to 8% in the

population without known thyroid diseaseThe preva-

Before diagnosis of SCH, other causes of an elevated
TSH level, such as recovery from nonthyroidal illness,
assay variability, presence of heterophile antibodies inter-
fering with the TSH assay, and certain cases of central
hypothyroidism with biologically inactive TSH and thyroid
hormone resistance, should be excluded. However, the
most common cause of elevated TSH is autoimmune thy-
roid diseasé.Previous radioiodine therapy, thyroid sur-
gery, and external radiation therapy can also result in mild
thyroid failure. Transient SCH may occur after episodes of
postpartum, silent, and granulomatous thyroiditis.

The clinical importance of and therapy for mild eleva-
tion of serum TSH (<10 mlU/B)yand the exact upper limit
of normal for the serum TSH level remain subjects of
debat€® When the TSH level is above 10 mIU/L, levo-
thyroxine therapy is generally agreed to be appropriéte.
However, management of patients with a serum TSH level
of less than 10 mIU/L is controverstalSome authors
argue for routin® and some for selecti%¢herapy. A re-
cent 2007 meta-analysis of 14 randomized clinical trials
enrolling a total of 350 patients concluded that levothyrox-
R ine replacement therapy for SCH does not result in im-
e proved survival or decreased cardiovascular morbidity.
|~ Data on health-related quality of life and symptoms did not
" show significant differences between intervention groups.
°5'Some evidence indicates that levothyroxine replacement
| improves some parameters of lipid profiles and left ven-
. tricular function??
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WHAT IS THE UPPER LIMIT OF NORMAL FOR THE
SERUM TSH LEVEL?

Lowering the upper limit of normal for the serum TSH level
from 5.0 to 3.0 or even 2.5 mIU/L has been propé8bdt

lence increases with age and is higher in wofrfiter the
sixth decade of life, the prevalence in men approaches {
of women, with a combined prevalence of 198tithy-
roid antibodies can be detected in 80% of patients w
SCH, and 80% of patients with SCH have a serum TSH
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SUBCLINICAL HYPOTHYROIDISM

such proposals have been met with substerritiue®® of pregnancy is 0.03 to 2.3 mIU/L; the upper limit of
The strongest argument in favor of lowering the upper limit normal is 3.5 mIU/L in both the second and third trimesters
of normal for the serum TSH level is the higher level of of pregnancy.
antithyroid antibodies detected in persons with a serum
TSH level between 3.0 and 5.0 mIU/L and the higher rate
of progression to clinical thyroid disedsafter exclusion
of persanswith goiter, antithyroid antibodies, and a fam- Uniform national guidelines for screening for thyroid dis-
ily history of thyroid disease, the mean serum TSH is 1.5 ease with serum TSH levels have not been established.
mIU/L. The serum TSH distribution curve is not Gaussian; However, because of the high prevalence of SCH and
there is a tail end at the upper limits of normal. If the associated metabolic risk factors such as hyperlipidemia,
distribution is extrapolated to be Gaussian, then the uppetthe American Thyroid Association recommends screening
limit for the 97.5th percentile will be 2.5 mIUAThe by measurement of serum TSH beginning at age 35 years
argument against lowering the upper limit of normal for and every 5 years thereaftéThe evidence in favor of
TSH values is that 22 to 28 million mokenericans screening is particularly compelling in women, but it can
would be diagnosed with hypothyroidism without any also be justified for men as a relatively cost-effective mea-
clinical or therapeutic benefit from this diagnosidur sure in the context of the periodic health examination.
own data also show that decreasing the upper limit of thePersons with symptoms and signs potentially attributable
TSH reference range to 31U/L results in more than a  to thyroid dysfunction and those with risk factors for its
4-fold increase in diagnosis of hypothyroidism among development may require more frequent serum TSH test-
patients without history of thyroid diseaseen in a ter-  ing.!®* The American College of Physicians acknowledges
tiary medical cente¥ No clear evidence supports a ben- that treatment for subclinical thyroid dysfunction is contro-
efit for intervening at these levels of TSH. In contrast, versial but suggests that screening to detect thyroid dys-
lowering of the level of TSH from the upper limit of normal function may be indicated in women older than 50 y&ars.
to lower normal range by adjustment lefzothyroxine Because of potential implications of SCH for adverse out-
dose does not improve sense of well-being and nonspe-come of pregnané$and neuropsychiatric development of
cific complaintst* Recent reanalysis of the data from the the fetus'® aggressive case finding in pregnant women or
National Health and Nutrition Examination Survey Il in women anticipating pregnancy has been suggésted.
study has suggested that serum TSH distribution progresHowever, relying only on aggressive case finding results in
sively shifts toward higher concentrations with age and missing a third of women with overt hypothyroidism or
that the prevalence of SCH may be significantly overesti- SCH»
mated in older age groups unless an age-specific range for Before recommending routine screening of the general
TSH is used.In a recent study of 766 persons with negative population, large-scale randomized trials are needed to
findings on antithyroid antibody assay, normal findings on prove that treatment will improve quality of life in other-
thyroid ultrasonography, and no evidence of thyroid disease,wise healthy patients who have the mildly elevated TSH
Hamilton et &F determined a serum TSklel of 4.1 mIU/L level (5-10 mIU/L) typical of most SCH cases. Meanwhile,
to be the upper reference limit. This value is more compat-clinicians should have a low threshold for obtaining a
ible with clinical experience ang a reasonableompro- serum TSH level in women who have vague suggestive
mise. symptoms, who are pregnant or anticipating becoming
Although persons with a TSH level between 3.0 and 5.0 pregnant, or who have a strong family history of autoim-
mIU/L are more likely to have positive antithyroid antibod- mune thyroid disease. Many thyroidologists advocate rou-
ies and future thyroid disease, the lack of evidence for atine screening before and during pregnaficy.
benefit from levothyroxine therapy at these levels makes
keeping the upper limit of TSH at 4.0 to 5.0 (depending on
the laboratory) more reasonable. For persons older than 70
years, values up to 6.0 or even 7.0 mIU/L in the absence ofAlthough studies have pointed to some adverse effects of
antithyroid antibodies should not result in diagnosis of SCH, no consensus exists as to the clinical importance of
hypothyroidisn?. Regardless of the chosen upper limit of the adverse effects and the benefits of levothyroxine
normal, a convincing argument can be made for closertherapy, particularly for the 80% of patients with SCH who
follow-up of persons with a TSH level of 3to 5 mIU/L, in have a TSH of less than 10 mIU/L, because of the different
particular if antithyroid antibodies are detected. levels of TSH and degrees of thyroid dysfunction in these
Different normal TSH values are proposed for preg- studies-?'(Table 1). A discussion of some of the proposed
nancy. The range of serum TSH levels in the first trimester adverse effects of SCH follows.

SCREENING FOR SCH

PROPOSED ADVERSE CONSEQUENCES OF SCH
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TABLE 1. Quality of Evidence on the Strength of Association for patients with SCH? Several randomized studies have
and Risks/Benefits of Levothyroxine Treatment . _ . . .
of Subclinical Hypothyroidism for Patients With shown red.uctlon of low-density lipoprotein chole;terol by
a Serum TSH Level of 4.5 to 10.0 mIU/L? levothyroxine therapy. However, most of the studies show-
Strength of Benefits of ing benefit are not categorlzed_for serum TSH levels of 5.0
Clinical condition association treatment  t0 10.0 mIU/L. A meta-analysis of 13 studies concluded
Progression to overt tha.t the lipid profile |mproved.W|th 'theraﬁi/ln a 2004 .
hypothyroidism Good Variabte review, data were considered insufficient to show benefits
Adverse cardiac end points Insufficient  No evidence  of levothyroxine therapy on lipid leveldn my estimation,
Elevation in serum total the possibility that lipid levels will improve with
cholesterol and LDL-C levels Insufficiént Insufficient . . o .
Cardiac dysfunction Insufficieht Insufficient levothyroxine therapy is fair if the serum TSH level is
Systemic hypothyroid symptoms  No clear evidence Insufficient greater than 10 mIU/L and questionable if the TSH level is
Psychiatric symptoms No clear evidence Insufficient less than 10 mIU/L.
& LDL-C = low-density lipoprotein cholesterol; TSH = thyroid-stimulat- In a large population-based study, emerging risk factors

ing hormone. _ . . .
b Thyroid hormone therapy normalizes the serum TSH level at any TSH such as elevated C-reactive protein, homocysteines and

concentration. Overt hypothyroidism occurs earlier in untreated patients lipoprotein(a) levels were not found to have a role in
with a serum TSH level of >10 mIU/L than in those with a serum TSH SCH 2 Improvement of endothelial dysfunction and insu-
level of 4.5 to 10.0 mIU/L. lin resistance after levothyroxine therapy has been sug-

¢ Available data do not distinguish between serum TSH concentrations of . ;
4.5 10 10 mIU/L and of more than 10 mIU/L. gested**2In the absence of large-scale randomized trials,

Adapted fromJAMASwith permission of the American Medical Associa- evidence remains inconclusive.
tion. Copyright © 2004. All rights reserved.

Apverse CARDIAC END PoINTs
PRoGRESSION To OVERT HYPOTHYROIDISM The cross-sectional Rotterdam Study showed an association
Patients with SCH have a high rate of progression to of SCH with myocardial infarction and aortic calcificatién.
clinically overt hypothyroidism, 2.6% each year if In contrast, the Wickham stutiyshowed no increased car-
thyroperoxidase (TPO) antibodies are absent and 4.3% ifdiac mortality in a 20-year follow-up. A moreaent obser-
they are preserit. However, some persons do not show vational study also did not show any association between
progression and sonexperience normalation. A TSH unrecognized SCH and cardiovascular events or mortal-
level greater than 10 mlIU/L predicts a higher rate of ity.®> However, several more recent meta-analyses of ob-
progression, and a level of less than 6 mIU/L predicts aservational studies found an association between SCH and
lower likelihood of progression. In a study in men and coronary artery diseas&® The risk is lower when higher-
women older than 55 years with a mean follow-up of 32 quality studies are pool€dA recent analysis of 7 cohort
months, the TSH level normalized in 52% of those with a studies concluded that the relative risk of all-cause mortality

serum TSH of less than 10 mIU7L. was increased compared with euthyroid controls, particu-
larly in patients with comorbid conditiofSAnother meta-
SysTEMIC SYmPTOMS OF HYPOTHYROIDISM analysis of 15 studies showed an increased prevalence and

Several randomized studies of the effect of levothyroxine incidence of cardiovascular mortality only in a relatively
therapy in patients with SCH are available. One study younger populatioff. Taken together, the findings of these
limited to patients with serum TSH levels from 5 to 10 6 recent meta-analyses suggest that a cardiovascular risk
mlU/L did not show any benefit.Some studies (range in  exists for persons younger than age 70 years with no effect
TSH level, 3-32 mIU/L) showed improved symptom scores for those aged 70 to 80 years and a possibly protective effect
or improved memory in a quarter of patients. Many recent for those older than 80 yedtsThus, the cardiovascular risk
studies have not shown improvement in mood, anxiety, andissue remains controversial, and large-scale, government-
cognition in older persorf§?’ In a previous scientific re-  sponsored, multicenter, randomizealaceboeontrolled
view in 20045 available data were considered insufficientto studies are needed to assess the efficacy of levothyroxine
support a benefit for levothyroxine therapy in patients with therapy in risk reduction.
SCH, in particular for the group with TSH lekah 10 miU/
L, and a similar conclusion can again be drawn in 2008.  Carbiac DysFuNcTION

Studies have shown slowed left ventricular relaxation
Lipip ABNORMALITIES AND OTHER CARDIAC Risk FAcToRs time, increased vascular tone at rest, and left ventricular
The Colorado Health Fair study showed that the mean totalsystolic dysfunction with exercise and impaired
cholesterol level was 216 mg/dL (to convert to mmol/L, endothelial functiorf? Some studies have shown
multiply by 0.0259) for euthyroid patients and 224 mg/dL improvement of cardiac contractibility and systolic time
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TABLE 2. Factors Favoring Levothyroxine Therapy in Patients With

Serum TSH ConcentraTion oF 3 1o 5 mIU/L
a Thyroid-Stimulating Hormone (TSH) Level of 5 to 10 mIU/L

Pregnancy or intention of pregnancy
Goiter

Therapeutic trial for possible hypothyroid symptoms
Patient preference

Childhood and adolescence

2 TSH levels >8 mIU/L

Bipolar disorder, depression
Infertility

Presence of antithyroid antibodies
Progressive TSH increase
Ovulatory dysfunction

Lowering the upper limit of normal for the serum TSH
level from 5.0 to 3.0 mIU/L is still controversial. Levels
between 3 and 5 mIU/L are unlikely to indicate a clini-
cally important abnormality, and levothyroxine therapy at
these levels may or may not provide a benefit. Although
persons with a serum TSH level of 3 to 5 mIU/L may be
at higher risk of progression to hypothyroidigmp firm
evidence of health consequences exists. In fact, in a
randomized, crossover, 12-week study of patients with

symptoms suggestive of hypothyroidism with serum TSH
in the upper normal range, no difference in cognitive and
psychological function was observed between levothy-
roxine-treated and control groufssiven these findings,
interval with levothyroxine therapy.No evidence exists intervention cannot be recommended for this group, but
to support an assation between heartifareand a serum  follow-up by serum TSH measurement in 1 year would be
TSH level of less than 10.0 mIU/L. Again, most studies a reasonable approach, particularly if antithyroid antibod-
were not categorized for degrees of TSH elevation, andies are detected.
data remain insufficient for a TSH level less than 10 mIU/L
but strongly suggestive for a TSH level greater than 10 Serum TSH ConcenTraATiON oF 5.1 10 10 mIU/L
mIU/L. Large-scale randomized studies to conclusively show re-
duction of cholesterol with levothyroxine therapy in this
Apverse FetaL EFFecTs subgroup are lacking. Most studies are not stratified for
A seminal study by Haddow et'dlshowed a 7-point  different categories of serum TSH levels, and although
reduction in intelligence quotient in children aged 7 to 9 benefits for symptoms and lipid levels have been shown for
years whose mothers had SCH at pregnancy comparednild thyroid failure as a groupesults cannot be extended
with the children of euthyroid mothers. Although this was to most patients with SCH who are in this subgreti@ne
a single study, it nevertheless points to the need forstudy of TSH levels of 5.0 to 10.0 mIU/L did not show any
screening of pregnant women and therapy for mild thy- benefit** Also, cognitive, neuropsychiatric, cardiac, and
roid failure in women who are pregnant or planning on muscle abnormalities described in studies including a wide
becoming pregnant. spectrum of TSH levels in SCH should be confirmed by
larger randomized studies. The possibility that an elevated
NEeuromuscuLAR DYsFUNCTION serum TSH level is a cardiovascular risk factor is still
It has been suggested that neuromuscular symptoms antighly controversial. Hence, decision for levothyroxine
dysfunction are common in patients with SCH and can betherapy for this group should be individualized and should
reversed by levothyroxine treatméhA definitive answer depend on the age of the patient (favoring therapy for
will require more studies with TSH levels stratified as less younger persons), associated medical conditions, degree of
than or greater than 10 mIU/L. TSH elevation, persistence and gradual increase of TSH,
presence of antithyroid antibodies, presence of goiter, and
PsycHIATRIC AND CoGNITIVE DYSFUNCTION hypothyroid symptoms (Table 2).
Data related to aggravation of depression, bipolar disorder, Given both the findings of reduced intelligence quotient
and effect on cognitive function have been presefitdd.  in the children of women who had SCH while pregt#ant
recent study showed no association with anxiety, depressionand the adverse effects of mild thyroid failure on pregnancy
or cognitive dysfunctiof> Nonetheless, it is still reasonable outcome, levothyroxine therapy should be advised for
to have a low threshold for therapy for SCH in patients with pregnant women and women who anticipate becoming
depression, bipolar disorder, and cognitive dysfunction. pregnant. Because of the effect of thyroxine on growth and
development, levothyroxine therapy for children and ado-
MANAGEMENT OF SCH Iesc;ents is_ also reaspnable. Therapy may be considered for
patients with a persistent serum TSH level of more than 8
Management of SCH differs depending on whether the mlU/L because these levels are associated with a 70%
serum TSH concentration is 3 to 5 mIU/L, 5.1 to 10 mIU/L, progression to a TSH level of 10 mIU/L in 4 years (V.F.
or higher than 10 mIU/L. and colleagues, unpublished data, 2003).

Young age of the patient
Hyperlipidemia?
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Serum TSH ConcenTrATION GREATER THAN 10 mIU/L progression to overt hypothyroidism, the possible im-
Most thyroidologists agree that all patients with SCH and a provement of quality of life, and the possibility that SCH is
serum TSH level above 10 mIU/L should be treated with a cardiovascular risk factor. Recent evidence shows that
levothyroxinet*2* Evidence is more compelling for the any possible increased cardiovascular risk would be to
adverse effects of mild thyroid failure in this group. Studies persons younger than 70 years; those aged 70 and 80 years
have shown that levothyroxine therapy results in an 8-mg have no additional risk, and those older than 80 years may
reduction in low-density lipoprotein levels’® Among the actually enjoy a protective benefit. Large-scale, govern-
factors that predict response of lipid levels to levothyroxine ment-sponsored, multicenter, randomized, placebo-con-
therapy are higher levels of TSH, insulin resistance, highertrolled studies are urgently needed to assess the efficacy of
levels of pretherapy cholesterol, and type Ill hyperlipi- levothyroxine therapy in the subgroup with TSH levels of
demia. Some evidence suggests that mild thyroid failure less than 10 mIU/L. Meanwhile, therapy of this subgroup
can aggravate bipolar disorder and depreé$sand that it should be individualized by taking into account patient
is associated with abnormalities of muscle function, nerve preference, presence of symptoms, age, and associated
conduction, cardiac functiotiand cognitive and psycho- medical conditions.

logical function, with improvement after levothyroxine

therapy:>#7=°
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CME Questions About SCH

1. An 81l-year-old man has symptoms of fatigue but is
otherwise healthy. His thyroid is normal on
palpitation. He is overweight with a body mass index
of 38. Laboratory tests yield the following results:
total cholesterol, 270 mg/dL (to convert to mmol/L,
multiply by 0.0259); elevated serum homocysteine
levels; lipoprotein(a) level, 60 mg/dL (to convert to
umol/L, multiply by 0.0357); serum thyroid-
stimulating hormone (TSH) level, 7 mIU/L; serum
free thyroxine, 1.1 ng/dL (to convert to pmol/L,
multiply by 12.871); and elevated levels of&ctive
protein.Whichoneof the following statements is
true regarding the management of this patient?

a. Levothyroxine therapy will reduce cardiovascular
risk

b. Overnight oximetry will be helpful

c. Hyperlipidemia is caused by subclinical
hypothyroidism (SCH)

d. Levothyroxine therapy will lower homocysteine
levels

e. Levothyroxine therapy will reduce lipoprotein(a)
levels
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2. A 30-year-old woman presents with fatigue and a
weight gain of 9.1 kg in the past 6 months. She has a
sister who is receiving levothyroxine therapy for
hypothyroidism. On examination, a diffuse 35-g

thyroid is palpable. Laboratory tests are unremarkable

except for a serum free thyroxine level of 1.3 ng/dL
and a serum TSHVel of 7 mIU/L. Thyroperoxidase
(TPO) antibodies are detected. Whateof the
following statements ieastapplicable to this
patient?

Levothyroxine therapy will result in substantial

weight loss

b. Levothyroxine therapy has a 25% chance of
improving her quality of life

c. Levothyroxine therapy will reduce the size of the
goiter

d. The likelihood of progression to clinical
hypothyroidism in 10 years is 50%

e. Therapy is semiurgent if she plans pregnancy

A 32-year-old woman is 8 weeks pregnant.
Laboratory studies ordered by her obstetrician
show a normal blood cell count and serum glucose
level, a serum free thyroxine level of 1.2 ng/dL, a
serum TSH level of 5.0 mIU/L, and the presence of
TPO antibodies. Whichne of the following
statements ifeastapplicable to the management of
this patient?

Normal serum TSH values in the first trimester of
pregnancy differ from nonpregnant values

b. Levothyroxine therapy is strongly recommended

Risk of miscarriage may be increased

Risk of postpartum hyperthyroidism may be
increased

Increased thyroxin-binding globulin in the first
trimester can result in TSH elevation to stabilize
free thyroxine levels

Qo

SUBCLINICAL HYPOTHYROIDISM

4. Whichone of the following patients imost likelyto
benefit from levothyroxine therapy?

a. An 85-year-old man with a serum TSH level of 7.0
mIU/L and cognitive changes

b. A woman in the first trimester of pregnancy with a
serum TSH level of 4.0 mIU/L who tests positive
for TPO antibodies

c. A 65-year-old man who has just been released
from the hospital after a prolonged recovery from
myocardial infarction whose laboratory study
now shows a serum TSH level of 12 mIU/L

d. A 55-year-old woman with a serum TSH level of
5.1 mIU/L and a serum cholesterol level of 260
mg/dL (to convert to mmol/L, multiply by
0.0259)

e. A 40-year-old woman who had an upper respiratory
infection 2 months earlier followed by several
weeks of sore neck and who now has a serum
TSH level of 12 mIU/L and serum free thyroxine
level of 0.8 ng/dL

5. Whichoneof the following statements about mild
thyroid failure (SCH) igrue?

a. All cases of mild thyroid failure of autoimmune
origin are associated with the presence of TPO
antibodies

b. Almost all patients with a serum TSH level greater
than 10.0 mIU/L need levothyroxine therapy

c. Women older than 60 years are 4 times more likely
to have an elevated serum TSH level than men in
the same age group

d. The best therapy for SCH is a combination of
levothyroxine (T4) and T3

e. All experts would agree that levothyroxine
therapy is indicated in a patient with a serum
TSH of 8.0 mIU/L and a mildly elevated total
cholesterol level
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